Due to its outstanding chemical stability and mechanical properties, silicon carbide (SiC) is one of the best materials for harsh environment applications. In this work, bulk micromachining technique was utilized to fabricate a PECVD SiC pressure sensor. This technique simplified the process and solved the stickiness problem in surface micromachining. The whole fabrication temperature is under 450℃, which makes it compatible with the CMOS process.
INTRODUCTION
MEMS pressure sensors are widely used in different markets, such as industries, automotive fabrications, aeronautic and medical applications. Among the three conventional types of pressure sensors (capacitive, resonance and piezoresistive), the capacitive sensor takes advantage of higher sensitivity, lower temperature drifting and lower power consumption. Surface micromachining is one of the normal processes of fabricating MEMS capacitive pressure sensor. However, stickiness limits this process in reliability and high yield. As bulk micromachining is getting popular nowadays, researchers are moving to this technique. Esashi utilized anodic bonding to fabricate the capacitive pressure sensors [2] . However, siliconbased device couldn't work stable in harsh environment. 2005, Wen H, Ko used melting bonding to fabricate SiC capacitive pressure sensor [3] , which can work in relative harsh environment, but the process temperature is above 1000 ℃, which limited it to be compatible with CMOS process.
In order to integrate the SiC MEMS pressure sensor process with CMOS process, anodic bonding was carried our in this work of fabricating PECVD SiC pressure sensors. The whole fabrication temperature did not exceed 450℃, which makes this point be ensured. This paper will introduce the design of this PECVD SiC pressure sensor, simulation work, fabrication process, and some experiment results.
SENSOR DESIGN

A. Sensor Structure
The cross-section view of PECVD SiC pressure sensor is shown as Fig.1 . Electrostatic bonding is applied in fabrication.
On the glass wafer, W layer serves as the bottom electrode. The moveable "sandwich" membrane is SiC/W/SiO2. So, two capacitor plates are working as two electrodes, too. As applied pressure increasing, the upper plate will deform toward silicon substrate, which increase the capacitance meanwhile. Thus, the external pressure can be monitored by measuring this changing capacitance. The curve of the capacitance vs. applied pressure is described as Fig.3 (in part B) . It shows that when pressure is low, the membrane does not touch the base of the cavity, and the output curve is non-linear, after the membrane touch the substrate, the curve becomes linear, it is called linear area. In this area, not only the absolute capacitance, but also the capacitor's sensitivity to pressure is much higher. Moreover, sensor's operation range can be designed by parameters of the cavity, such as depth, diameter, etc
B. Design and Simulation
To find out the proper parameters of the sensor, such as size and thickness of membrane, simulation work by ANSYS was done first. The element of solid 45 was chosen for structure material, and conta173, targe 170 for the contacting area. Then it was meshed into hexahedrons, shown as Fig.3 .
In order to simplify the simulation, SiC membrane was described, without metal and dielectric layer, because these 2 layers are much thinner than SiC, and the Young's Modulus of this "Sandwich" membrane is major defined by SiC material. The simulation result in Fig.3 is with depth 2um and diameter 200um.
From this picture, we can see, there are two curves. One is for circle cavity, and the other is for rectangle one. X axes stands for the extern pressure, and Y axes stands for the capacitance of the sensor. The capacitance is calculated at the pressure ranging from 0atm to 7atm. We can see that for the rectangle capacitance pressure sensor, the linear area is around the pressure of 4atm. Details are shown as Fig.4 .
It shows that at that pressure, the capacitance is around 0.7pf, and sensitivity is 9.31286E-4 pf/kpa.
C. Fabrication
Bulk micromachining is applied in this work, and the process flow is shown in Fig.5 .
First, shown in (a)-(b), on glass substrate, windows were patterned and etched by Advanced Oxide Etching (AOE) to form various diameters cavities ranging from 100um to 1mm, with depth 1-2 um, control the profile of etching cavity is very important. Then, 2000A W was sputtered to make the bottom electrode by lifting off.
Second, shown as (c)-(d), 1 um-thick, low-stress(<10MPa) amorphous SiC was deposited on the silicon substrate by PECVD. The film was deposited using SiH 4 gas flow rate 20sccm, CH4 gas flow rate 400sccm, Ar gas flow rate 400sccm, and NH3 gas flow rate of 5sccm. Then, SiC thin film was annealed at 450°C, to release the stress.
Afterwards, 2000A-thick conductive layer W, which serves as upper electrode, and 5000A-thick dielectric layer SiO2 were deposited on silicon substrate. To insulate the upper electrode from each other, the conductive layer W was etched as rectangles with four channels. So did SiO2.
Third, shown as (e)-(f), silicon and glass wafer with patterns were cleaned and bonded in vacuum bonding tool with force 1200N, at 400℃ and 380V. Then silicon substrate was etched away in KOH, with SiC membrane remained.
Finally, shown in (g), two holes were etched on SiC thin film, and then 2000A Au was sputtered. By lifting off, two pads were formed.
In the whole process, there is no high-temperature process, which makes it compatible with CMOS process. So, it's possible to extend this fabrication of MEMS pressure sensor after CMOS circuit fabrication in IC foundry.
D. Experiment results and Discussions
During the fabrication, controlling of some parameters are very critical, such as, the shape of the cavity, also the sealing problem of it, and so on. Therefore, relative results of experiments should be studied in details.
First, the shape of the cavity is the key factor of pressure sensor. The cross-section SEM is shown in Fig.6 , more details shown in Fig.7 . From these photos, we can find out that it is a "SiO2/W/SiC sandwich" membrane with a little compressive stress. In fact, the stress of this membrane is generally controlled well because it looks almost flat. Additional SiCannealing step will lower the little compressive stress referred to further.
Second, it is the sealing of cavity. Experiment results are shown in the following two pictures in Fig.8 . The upper one shows the original capacitance, and the bottom one was the one pricked by probe, which means it has a little hole over the small rectangle area. From the Newton rings in the first picture, we know that the membrane deflected downward, and after it was pricked, it deflected up. That means air got in through the hole, which can tell us that the cavity is well sealed.
After that, we have tested other parameters, such as, the electrical connection of the bottom electrode climbing over the edge of the cavity, and the stability of the anodic bonding, good results allowed us to get the final capacitive pressure sensor, as shown in Fig.9 .
Conclusions
By electrostatic bonding, PECVD SiC capacitive pressure sensor is designed and fabricated in the paper. Its process temperature is below 450 ℃ , which ensures it could be compatible with the CMOS process. Without using Si as the electrode, the device decreases the potential leakage current, so that it will be able to be used in high temperature. The membrane made in SiC is anticorrosive and works stably. And the whole process is not so complex. In the following steps, we plan to test the capacitive pressure sensor, and improve the properties of the amorphous SiC including electric property, so that, we don't need W to be the upper electrode, which will make the fabrication process much easier.
